was simplified.
Camellia oleifera oil COO is a rich source of oleic acid in the form of triacylglycerols TAGs 16 . In our study, we prepare PC containing higher level of oleic acid by lipasecatalyzed interesterification of soybean PC and COO. The purpose is to prepare PC as enriched in oleic acid as possible and, simultaneously, to maintain the highest PC recovery. Three commercially available immobilized lipases Novozym 435, Lipozyme TLIM and Lipozyme RMIM are assayed and Novozym 435 were used to catalyze the interesterification between PC and COO. The effects of the various parameters such as PC concentration, substrate ratio, water amount, lipase dosage and reaction temperature on the interesterification were investigated. The reaction system was optimized in a solvent system. Response surface methodology RSM was used to evaluate the effect of several variables on the oleic acid content in modified PC and PC recovery.
Materials and methods

Materials
Soy phosphatidylcholine PC , Shenyang Tianfeng Biological Engineering Technology Co., Ltd; Camellia oleifera oil COO , Yunnan Guangnan tianyun vegetable Co., Ltd, and the fatty acid composition was shown in table.1. Lipovozyme 435 from Candida antarctica , Lipozyme RMIM from Rhizomucor miehei , and Lipozyme TLIM from Thermomcyces lanuginosus were provided by Novozymes China Beijing, China . Solvents chloroform, methanol, boron trifluoride-diethyl ether, hexane and acetic acid and other chemicals used were purchased from local factory.
Interesteri cation of PC and COO
In a typical procedure, 1.5 g PC, COO PC-to-COO ratio 1:1-1:4, acyl groups in PC/acyl groups in COO, mol/mol , hexane 0.05-0.3 g/mL, PC/hexane and water 2-6 , relative to the weight of PC were placed into 50 mL roundbottomed flasks. The reactions were catalyzed by different enzymes Novozym 435, Lipozyme TLIM, Lipozyme RMIM 5-20 , relative to the weight of the PC and COO . The mixture was agitated on a magnetic-stirrer plate at 55-65 . The reactions were stopped at the selected time.
Once the reaction was stopped, the product mixture was filtered through a membrane microfilter to remove lipase. All trials were carried out in duplicate.
Fatty Acid composition Analysis of PC
Samples 50 μl from the product mixture were diluted with chloroform, and oleic PCs in the diluted samples were separated from the reaction resultant by thin layer chromatography TLC using the mixture of chloroform/methanol/water 65:35:5, v/v/v . The TLC plate was visualized under UV light after spraying with a 0.2 ethanol solution of 2,7-dichlorofluorescein sodium salt. Then the PC band was scraped off and stored in 50mL round-bottomed flask. 6.0 mL of 0.5 M sodium hydroxide/methanol was added into the flask, and refluxed at 80 for 7min, and then 7.0 mL boron trifluoride/methanol was added to the flask to incubation for 1 min. Then 3 mL hexane was added. The flask was removed and an amount of saturated sodium chloride aqueous solution was added to the bottle, upside down several times and standing layer, the upper layer dried by anhydrous Na 2 SO 4 was taken for GC analysis.
Fatty acid methyl esters were analyzed on a Agilent 6890 N gas chromatograph with a flame ionization detector and capillary column BPX-70, 30.0 m*25 μm*0.25 μm; SGE, Australia . The column temperature was 190 , and the flow rate of carrier gas N 2 was 1.2 mL/min. The injector and detectors were maintained at 210 and 300 , respectively.
Phospholipid Pro le Analysis
The phospholipid profile of the product mixtures were analyzed according to the method of Vikbjerg et al. 17 with slight modification. The samples were diluted with chloroform, and the diluted samples 1 μL were spotted to Chromarod SIII Iatron Laboratories Inc., Tokyo, Japan and developed by a mixture of chloroform/methanol/water 42:22:2.5, v:v:v . After the development, Chromarods were dried at 120 for 5 min, and the composition of the product mixture was analyzed by TLC-FID Iatroscan MK6s, Iatron Laboratories . Flow rates of air and hydrogen were 2 L/min and 160 mL/min, respectively. Peaks were identified by external standards.
PC recovery 100 weight of PC in the product/ original weight of PC
Experimental design
A 3-level-4-factor Box-Behnken experimental design was employed to investigate the effect of reaction variables on the interesterification. The variables and levels selected for interesterification were reaction time 2, 6, 10 h , reaction temperature 45, 55, 65
,lipase dosage 10, 15 , 20 ,and water amount 2, 4, 6 Table 1 .
Statistical analysis
The data were analyzed by response surface methodology, the fit of the model was evaluated by coefficients of determination R 2 and the analysis of variance ANOVA . The mathematical relationship between the variables and the responses can be calculated by the quadratic polynomial equation:
where Y is response incoporation or PC recovery ; X i and X j represent the independent variables; β 0 is the intercept, β i , are the linear coefficients, β ii are the quadratic coefficients for the variable i, and β ij represent the linear coefficients for interaction between variable i and j.
Results and Discussion
Lipase screening
Three commercial lipases were evaluated with a dosage of 20 for high content of oleic acid in to PC Fig. 1 . The lipases were screened to allow for direct large-scale production and scale-up. Novozym 435 from Candida Antarctica, which is immobilized on on macroporous acrylic resin, showed the highest activity for the interesterification. The oleic acid content of modified PC was about 38 at 8 h, increasing of oleic acid was more than 25 . Whereas Lipozyme TLIM and Lipozyme RMIM exhibited poor activity for this reaction, The oleic acid contents of PCs modified Lipozyme TLIM and Lipozyme RMIM were 17.8 and 19.6 at 8 h, repectively; and increases of oleic acid were 6.6 and 8.4 , respectively. Therefore, we selected Novozym 435 as the biocatalyst for the preparation of oleic rich PC. However, Peng et al. 9 reported Lipozyme TLIM exhibited the highest activity for acidolysis of phospholipids and caprylic acid comparison to Lipozyme RMIM and Novozym 435.
Effect of independent variables
With the increase of lipase dosage from 5 to 15 , oleic acid content in modified PC increased Fig. 2a . With the increase of water addition from 2 to 6 , oleic acid content in modified PC increased Fig. 2b . PC concentration had slight effect on the oleic acid content of the modified PC during the interesterification Fig. 2c . With the increase of PC-to-COO ratio from 1:1 to 1:3, oleic acid content in modified PC increased Fig. 2d , and 1:3 PC-to-COO ratio was chosen for further study. Oleic acid content in modified PC rapidly increased with reaction temperature increasing from 50 to 55 , however with the increase of temperature from 55 to 65 , oleic acid content efficiently decreased Fig. 2e .
Model tting
The objective was to obtain as high content of oleic acid in modified PLs as possible and, simultaneously, to maintain the highest PC recovery. RSM was an empirical method used to assay the relation a set of controllable experimental factors and the observed values. Models of the factors and the responses were performed by RSM to predict the highest possible oleic acid content in modified PC and PC recovery. The results obtained for the models were listed in Table 2 . The data were analyzed by employ- ing a multiple regression technique to evaluate the true relationship between the variables and the responses. Two second-order models for Ia of oleic acid and PC recovery were satisfactorily established. Y 1 and Y 2 were the predicted values for the oleic acid content and PC recovery , respectively, and X 1 , X 2 , X 3 , and X 4 were the coded variables as described in The statistical significance of regression equation was checked by F-test, and ANOVA for response surface quadratic polynomial models were summarized in Table 3 and Tables  2 and 3 showed that the lack-of-fit was not significant relative to the pure error. Therefore, the regression models were successful and could accurately represent the variables chosen in the experimental region. The p-values were used as a tool to check the significance of each coefficient, which in turn might indicate the pattern of the interaction between the variables. For the model of Y 1 in Table  3 , the linear coefficients X 1 , X 3 , X 4 and the quadratic term coefficients X 1 2 , X 2 2 , X 3 2 , X 4 2 were significant with small p-values p 0.01 , the linear coefficient X 2 and the cross product coefficient of X 2 X 3 were also significant at p 0.05. However, for the model of Y 2 in Table 4 , the linear coefficient X 3 was significant with small p-values p 0.01 , and the quadratic term coefficient X 1 2 was also significant at p 0.05. The orders of reaction variables affecting on oleic acid content and PC recovery were water amount reaction time lipase dosage reaction temperature, and water amount reaction temperature lipase dosage reaction time, respectively.
The relationship between independent variables and response can be better understood by examining the planned series of 2D contour plots Fig. 3 and 4 generated from the predicted model. Figure 3a and 4a show the effect of lipase dosage, reaction temperature, and their mutual interaction on oleic acid content and PC recovery, respectively. The maximum value of oleic acid content appears in temperature of 50-60 and lipase dosage range of 12-25 , however the maximum PC recovery appears in the temperature range of 45-55 and lipase dosage range of 10-15 . Figure 3b and 4b show the effect of lipase dosage, water amount, and their mutual interaction on oleic acid content and PC recovery, respectively. At the same lipase dosage, with the increase of water amount, the PC recovery decreases, whereas the oleic acid content increases, and then decreases. Figure 3c and 4c show the effect of lipase dosage, reaction time, and their mutual interaction on oleic acid content and PC recovery, respectively. A suitable in- Figure 3d and 4d show reaction temperature, water amount, and mutual interaction on oleic acid content and PC recovery, respectively. The maximum value of oleic acid content appears in water amount of 4-6 and reaction temperature range of 50-60 . Whereas the maximum PC recovery appears in the low range of reaction temperature and water amount; furthermore, with increase of water amount and temperature, the PC recovery decreases, which may be attributed to the hydrolysis of PC at higher water amount and temperature. Figure 3e and 4e show the effect of reaction temperature, time, and their mutual interaction on oleic acid content and PC recovery, respectively. At the same reaction time, with temperature increase, oleic acid content and PC recovery increase, and then decrease. Which may be attributed to lipase deactivation at higher temperature. Figure 3f and 4f show the effect of water amount, reaction time, and their mutual interaction on oleic acid content and PC recovery, respectively. At the same reaction time, with water amount increase, PC recovery decreases, and oleic acid content increases, then decreases.
Attaining optimum condition and model veri cation
Reaction conditions optimized by RSM were as follows: lipase dosage 12.8 , reaction temperature 54.5 ,water amount 4.8 ,reaction time 8 h. In the actual work, these variables values were corrected as follows: lipase dosage 13 , reaction temperature 55 ,water amount 5 ,reaction time 8 h. Under these conditions, a high oleic acid content 40.8 0. 5 and a relatively high PC recovery 69.0 2.8 were achieved, which were well accorded with the predicted results 40.6 and 71.6 , respectively. The results indicated the feasibility and accuracy of the quadratic regression model.
Conclusions
PC containing higher level of oleic acid was successfully prepared through interesterifiction of PC and COO catalyzed by Novozym 435 in hexane. The optimum conditions were as follows: lipase dosage 13 based on the mass of PC and COO , reaction temperature 55 ,water amount 5 based on the mass of PC , reaction time 8 h, PC con- centration 0.3 g/mL PC/hexane , PC-to-COO ratio 1:3 acyl groups in PC/acyl groups in COO, mol/mol . Under these conditions, oleic acid content and PC recovery were 40.8 0.5 and 69.0 2.8 , respectively. The orders of reaction variables affecting on oleic acid content and PC recovery were water amount reaction time lipase dosage reaction temperature, and water amount reaction temperature lipase dosage reaction time, respectively.
